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Description

Background of the Invention

1. Field of Invention

[0001] This invention relates to an electro-optical
sensing device for detecting the presence or concentra-
tion of an analyte in a liquid or gaseous medium. More
particularly, the invention relates to a fluorescence sens-
ing device which is characterized by an extraordinarily
compact size, fast response times and high signal-to-
noise ratios.

2. Background Art

[0002] US patent 5,517,313 describes a fluorescence
sensing device comprising a layered array of a fluores-
cent. indicator molecule-containing material, a high-
pass filter and a photodetector. In this device, a light
source, preferably a light-emitting diode ("LED"), is lo-
cated at least partially within the indicator material, such
that incident light from the light source causes the indi-
cator molecules to fluoresce. The high-pass filter allows
emitted light to reach the photodetector, while filtering
out scattered incident light from the light source. A sim-
ilar device having an LED sitting in a shallow well in an
optical filter and a polymer with immobilized indicator
complex surrounding the LED is disclosed by Colvin Jr.
et al, Johns Hopkins University APL Technical Digest,
17(4), 377-385 (Oct-Dec. 1996).
[0003] The fluorescence of the indicator molecules
employed in the device described in US patent
5,517,313 is modulated, i.e., attenuated or enhanced by
the local presence of the analyte. For example, the or-
ange-red fluorescence of the complex, tris(4,7-diphe-
nyl-1,10-phenanthroline) ruthenium (II) perchlorate is
quenched by the local presence of oxygen. This com-
plex can, therefore, advantageously be used as the in-
dicator molecule of an oxygen sensor. Similarly, other
indicator molecules whose fluorescence is affected by
specific analytes are known.
[0004] In the sensor described in US patent
5,517,313, the material which contains the indicator
molecule is permeable to the analyte. Thus, the analyte
can diffuse into the material from the surrounding test
medium, thereby affecting the fluorescence emitted by
the indicator molecules. The light source, indicator mol-
ecule-containing material, high-pass filter and photode-
tector are configured such that fluorescence emitted by
the indicator molecules impacts the photodetector, gen-
erating an electrical signal which is indicative of the con-
centration of the analyte in the surrounding medium.
[0005] US patent 5,591,407 discloses a chemical
sensor that uses a laser constructed on a substrate.
[0006] While the sensing device described in US pat-
ent 5,517,313 represents a marked improvement over
prior art devices, there remains a need for sensors that

are even more compact, less expensive and which have
superior sensing characteristics to those described
therein. Thus, it is an object of the present invention to
provide an improvement to the sensing devices de-
scribed in the aforementioned patent.

Brief Description of the Drawings

[0007] The invention will be illustrated by reference to
the accompanying drawings in which:

Figure 1 is a perspective view of a conventional
light-emitting diode.
Figure 2 is a perspective view illustrating a sensing
device in accordance with the present invention;
Figure 3 is a cross-sectional view of the sensing de-
vice of Figure 2, taken along lines 3-3 of Fig. 2;
Figure 4 is a cross-sectional view of an alternative
embodiment of a sensing device in accordance with
the present invention;
Figure 4a is an exploded view of the sensing device
of Figure 4;
Figure 5 is a cross-sectional view of another alter-
native embodiment of a sensing device in accord-
ance with the present invention;
Figure 6 is a cross-sectional view of another alter-
native embodiment of a sensing device in accord-
ance with the present invention;
Figure 7 is a top view of the sensing device of Figure
6;
Figures 8 and 9 illustrate a photodetector for the
sensing device in accordance with an alternative
embodiment of the present invention;
Figure 10 is a cross-sectional view of another alter-
native embodiment of a sensing device in accord-
ance with the present invention.
Figure 11 is a cross-sectional view of another alter-
native embodiment of a sensing device in accord-
ance with the present invention.
Figure 12 illustrates a multi-sensor embodiment for
simultaneously determining the presence or con-
centration of a plurality of analytes in a surrounding
gaseous or liquid medium.

Summary of the Invention

[0008] In accordance with one aspect the present in-
vention provides a fluorescence sensing device for de-
termining the presence or concentration of an analyte
in a liquid or gaseous medium including a light-emitting
diode ("LED"), an analyte-permeable fluorescent matrix
containing fluorescent indicator molecules whose fluo-
rescence is attenuated or enhanced by the presence of
analyte in said fluorescent matrix, and a photodetector
characterised in that:

(a) said LED has a hole oriented generally perpen-
dicular to the semiconductor junction configured
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such that, upon application of an electrical potential
across the junction, light is emitted from said junc-
tion into said hole;
(b) the analyte-permeable fluorescent matrix is con-
tained within said hole, said LED and fluorescent
indicator molecule being selected such that the
wavelength emitted by the LED excites fluores-
cence in the indicator molecules; and
(c) the photodetector is disposed at one end of said
hole which generates an electrical signal respon-
sive to fluorescent light emitted by said fluorescent
indicator molecules.

[0009] In accordance with another aspect, the present
invention provides a method for determining the pres-
ence or concentration of an analyte in a liquid or gase-
ous medium using a light-emitting diode ("LED") having
a semiconductor junction on a substrate, characterised
in that

(a) a hole is formed in said LED oriented generally
perpendicular to the semiconductor junction config-
ured such that, upon application of an electrical po-
tential across the junction, light is emitted from said
junction into said hole;
(b) an analyte-permeable fluorescent matrix is
placed within said hole, said fluorescent matrix con-
taining fluorescent indicator molecules whose fluo-
rescence is attenuated or enhanced by the pres-
ence of analyte in said fluorescent matrix, and said
LED and fluorescent indicator molecule being se-
lected such that the wavelength emitted by the LED
excites fluorescence in the indicator molecules; and
(c) a photodetector is formed at one end of said sub-
strate which generates an electrical signal respon-
sive to fluorescent light emitted by said fluorescent
indicator molecules.

Detailed Description of the Invention

[0010] A conventional LED is illustrated in Figure 1.
LED 10 consists of a layer of N-type semiconductor and
a layer of P-type semiconductor, which at the P-N inter-
face 12 form a light-emitting junction. When an electrical
potential is applied across P-N junction 12, e.g., via elec-
trical leads 14 and 16, light rays 11 are emitted from the
junction in approximately the same plane as the junc-
tion. As illustrated in U.S. patent 5,517,313, this edge-
emitting characteristic of LED has been used advanta-
geously for directing light transversely through a layer
of fluorescent matrix in an electro-optical sensor.
[0011] LEDs are conventionally manufactured by first
preparing a bilayer semiconductor wafer using known
infusion doping techniques and then cutting or dicing the
resulting wafer into chips of appropriate size. LEDs typ-
ically are quite small, measuring on the order of 200-300
µm on an edge.
[0012] In accordance with the present invention, it has

been discovered that, surprisingly, a hole or cavity can
be cut into an LED chip without destroying or substan-
tially damaging the functionality of the light-emitting P-N
junction. Thus, upon application of an electrical potential
across the junction, light is emitted from the junction into
the hole or cavity. Figure 2 illustrates a device of the
present invention in perspective, partially cut-away
view. Sensor 20 includes an LED 22 having input leads
24 and 26 for applying an electrical potential across P-N
junction 28. The LED has a hole 29 cut through it in an
orientation generally perpendicular to P-N junction 28.
[0013] As illustrated in FIG. 3, a polymer matrix 32
which contains fluorescent indicator molecules whose
fluorescence is attenuated or enhanced by the presence
of analyte is placed in hole 29. The fluorescent matrix is
permeable to analyte such that analyte present in a gas-
eous or liquid medium exposed to the open end of hole
29 can diffuse into and out of fluorescent matrix 32. The
hole 29 may be filled to a level such that the light rays
are emitted into the fluorescent matrix 32. For example,
hole 29 may be filled completely (i.e. parallel with the
top surface of the LED). Hole 29 also may be filled to a
level sufficient to cover P-N junction 28.
[0014] In one embodiment of the present invention, a
photodetector 23 may be positioned at one end of LED
22 with a photosensitive area 25 adjacent hole 29. The
photodetector may be a conventional solid state photo-
electric device resulting from the interface of two semi-
conductors. In a preferred embodiment, the light sensi-
tive area 25 corresponds to the area adjacent hole 29.
This light sensitive area may be produced by conven-
tional photomasking techniques well known in the art.
The electrical signal generated by photodetector 23 is
transmitted via electrical leads 33 and 31 to appropriate
amplification and measuring circuitry (not shown).
[0015] The operation of sensor 20 is illustrated in the
cross-sectional view of Figure 3. Upon application of an
electrical potential across P-N junction 28 via leads 24
and 26, light rays 34 are emitted into fluorescent matrix
32 which is contained in hole 29. When the light rays
impact a fluorescent indicator molecule 36, the molecule
fluoresces with an intensity that is dependent upon the
concentration of analyte in fluorescent matrix 32. A por-
tion of the fluorescent light is directed downward toward
photodetector 23 and impacts light sensitive area 25.
Photodetector 23 and light sensitive area 25 generate
an electrical signal that is transmitted by leads 33 and
31.
[0016] As illustrated in Figure 3, light emitted from P-N
junction 28 into fluorescent matrix 32 is effectively
trapped within the device through internal reflectance,
thereby improving the overall efficiency of the device.
For example, light ray 37 which is not absorbed on a first
pass through fluorescent matrix 32 may be reflected
from the wall of hole 29 back into the fluorescent matrix
where it has another opportunity to impact a fluorescent
indicator molecule.
[0017] The efficiency of the device may be further en-
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hanced by coating the walls of LED 22 with a reflective,
non-conductive material 39. For example, a latex mate-
rial may be used to coat the walls of LED 22. Thus, light
that would otherwise be transmitted out of the device is
reflected back through the walls of LED 22 into fluores-
cence matrix 32.
[0018] Hole 29 may be formed in LED 22 by any con-
venient technique. It has been found that the hole may
be machined into LED 22 by means of an excimer laser,
preferably one that emits light at a wavelength of ap-
proximately 248 nanometers. The excimer laser also
may use a wavelength of approximately 193 nanome-
ters, at lower efficiency. The X, Y coordinates of the laser
beam are controlled by an aperture, and the depth of
the hole 29 is controlled by the number of pulses. The
dimensions of hole 29 may vary depending upon the ap-
plications to which sensor 20 are to be put. Hole 29 may
pass completely through LED 22. Alternatively, a wall or
layer of semiconductor material may remain at the end
of the hole adjacent the photodetector, provided that it
is sufficiently transparent to the light emitted by fluores-
cent indicator molecules 36. A shallow hole may be suit-
able so long as the hole passes through the P-N junc-
tion. Hole 29 may be any desired shape, and conven-
iently is cylindrical in shape. The diameter of hole 29
advantageously ranges from about 10 to 300 µm, pref-
erably from about 20 to about 200 µm, and most prefer-
ably from about 100 to about 150 µm.
[0019] Analyte-permeable fluorescent matrix 32 is
preferably a polymer matrix having fluorescent indicator
molecules dispersed therein. Advantageously, the pol-
ymer is one which can be cast in hole 29, deposited
there by evaporation or polymerized from monomers or
oligomers in situ. The polymer used in the matrix should
be optically transmissive at the wavelength of excitation
and emission of the indicator molecules.
[0020] A variety of polymers may be used for the prep-
aration of fluorescent matrix 32. The polymer system
that has been found useful for preparing an oxygen sen-
sor employs silicone polymer RTV118, available from
General Electric Company, Pittsfield, MA, USA. This
polymer may be dissolved in a 1:1 to 1:6 petroleum,
ether/chloroform mixture, the fluorescence indicator ru-
thenium complex referred to above blended into the pol-
ymers solution at a concentration of from about 0.1 to
about 1 mM, and the resulting mixture placed in hole 29.
Evaporation of the solvents results in the deposition of
a fluorescent matrix 32 within hole 29.
[0021] In one embodiment of the present invention,
electrical lead may be attached to the top of semicon-
ductor material forming the LED 22 and electrical lead
24 is connected to the bottom of the LED 22, as illus-
trated by Figures 2-4. As clearly illustrated in Figure 4a,
electrical leads 31 and 33 preferably are attached to the
top and bottom respectively of photodetector 23. In a
preferred embodiment electrical leads 24 and 31 may
be imbedded in an epoxy material which joins LED 22
to photodetector 23.

[0022] In an alternative embodiment, the lower sur-
face of LED 22 is in electrical contact with the upper sur-
face of photodetector 23 such that a common electrical
contact may be employed (not shown). To facilitate this
electrical contact, an electrically conductive adhesive
may be used for joining photodetector 23 and LED 22.
[0023] Because of the physical configuration of sen-
sor 20, very little of the incident light emitted from junc-
tion 28 reaches photodetector 23. Nevertheless, small
amounts of such light may reach the photodetector
through internal reflectance. In addition, ambient light
passing through hole 29 may reach photodetector 23.
As illustrated in Figures 4, an optical cut-off filter 41 may
be interposed between fluorescent matrix 32 and pho-
todetector 23. Filter 41 is designed to transmit fluores-
cent light emitted from fluorescent indicator molecules
36 while filtering out incident light emitted by LED 22 as
well as significant portions of ambient light that would
otherwise reach photodetector 23. Photodetector 23, fil-
ter 41 and LED 22 may be physically joined by means
of an adhesive. Figure 4a illustrates an exploded view
of the sensor of Figure 4.
[0024] In one embodiment, the optical filter 41 is coat-
ed onto the photodetector 23. Suitable optical filter coat-
ing may be obtained from Optical Coating Laboratory,
Inc., Santa Rosa, California, USA, and applied by con-
ventional methods. See U.S. Patent No. 5,200,855. In
another embodiment, the optical filter may be a colored
epoxy which may be used to embed electrical led 24
which is connected to the LED 22. For example, a suit-
able colored epoxy may be obtained from CVI Laser,
Corp., Albuquerque, New Mexico.
[0025] In yet another embodiment, an optical filter 42
may be placed in the hole 29 between the photodetector
23, and the fluorescent matrix 32, as illustrated in Figure
5. A suitable optical filter may be an epoxy-type filter
such as is available from CVI Laser, Corp., Albu-
querque, New Mexico.
[0026] Figures 6 and 7 illustrate an electro-optical
sensing device 60 in accordance with another embodi-
ment of the present invention. Sensor 60 includes an
LED 62 supported by a substrate 64. LED 62 preferably
is formed by depositing a first semiconductor layer 66
(such as a GaN n-type material) on the top of substrate
64, and then depositing a second semiconductor layer
65 (such as a GaN p-type material) on top of the first
semiconductor layer. The P-N interface of semiconduc-
tor layers 66 and 65 forms a light-emitting junction 68.
The semiconductor layers of LED 62 range in thickness
from about 2 to 30 µm, preferably from about 5 to 20
µm, and most preferably from about 8 to 12 µm.
[0027] LED 62 has input leads 24 and 26 for applying
an electrical potential across P-N junction 68. As shown
in Figure 6, input lead 26 is connected to the anode sur-
face 65 and input lead 24 is connected to the cathode
surface 66. In a preferred embodiment, the input lead
24 is connected to the cathode surface 66 of LED 62 at
a lower portion of cathode surface 66, as illustrated in
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Figure 6. Input lead 24 also may be connected to the
cathode surface 66 as described above in connection
with Figure 2. Also in accordance with a preferred em-
bodiment, the input lead 26 is attached to the anode sur-
face 65 of LED 62 by connection pad 63 made of a highly
electrically conductive material. Connection pad 63
preferably is made of gold but may be made of other
highly electrically conductive materials known to per-
sons skilled in the art. The input lead 26 may be bound
to the connection pad 63 by any suitable method includ-
ing, for example, a ball bond or a wedge bond.
[0028] A hole 69 is formed in LED 62 in an orientation
generally perpendicular to a plane containing the P-N
junction 68. As described above in connection with Fig-
ures 2-4, the polymer matrix 32 is placed in hole 69
which contains fluorescent indicator molecules whose
fluorescence is attenuated or enhanced by the presence
of analyte. Because of the extremely small thickness of
LED 62 as described above, hole 69 preferably is cre-
ated by masking a portion of LED 62 and etching hole
69 using techniques known to persons skilled in the art.
The masking and etching technique preferably em-
ployed to create hole 69 in accordance with this embod-
iment represents a substantial advantage over the laser
ablation technique as described above.
[0029] Substrate 64 may be made of any suitable ma-
terial which is substantially optically transmissive at the
wavelength of emission of the indicator molecules. Pref-
erably, substrate 64 may be a material which enables
the deposition or fabrication of LED material on its sur-
face. In a preferred embodiment, the substrate 64 is
made of a non-conductive, SiC material. The LED 62
and the substrate 64 may be physically joined together
by any convenient technique such as, for example, fab-
rication or deposition.
[0030] Also in accordance with this embodiment, a
photodetector 72 is located at a lower portion of sub-
strate 64 with a photosensitive area below the hole 69,
as illustrated in FIG. 6. The photodetector 72 may be a
solid state photoelectric device resulting from the inter-
face of two semiconductors. In one embodiment, an N-
type semiconductor region 73 and a P-type semicon-
ductor region 74 are formed in substrate 64, as illustrat-
ed in FIG. 6. Semiconductor regions 73 and 74 may be
formed by techniques known by persons skilled in the
art. For example, semiconductor region 73 may be cre-
ated by masking a portion of the substrate 64 and infu-
sion doping an unmasked region of substrate 64, as il-
lustrated in FIG. 8. The semiconductor region 74 may
be created by masking portions of substrate 64 and
semiconductor region 73, and infusion doping an un-
masked region of semiconductor material 73, as illus-
trated in FIG. 9. The electrical signal generated by pho-
todetector 72 is transmitted via electrical leads 70 and
71 to appropriate amplification and measuring circuitry
(not shown).
[0031] An optical cut-off filter may be interposed be-
tween the fluorescent matrix 32 and the photodetector

72. In a preferred embodiment, a filter 75 may be placed
in the hole 69 between the florescent matrix 32 and the
substrate 64, as illustrated in Figure 10. Filter 75, like
filter 41, is designed to transmit fluorescent light emitted
from fluorescent indicator molecules 36 while filtering
out incident light emitted by LED 62 as well as significant
portions of ambient light that would otherwise reach
photodetector 23. A preferred filter is a thin-film, dichroic
SiO2/TiO2 electron-beam deposited filter such as those
available from Optical Coating laboratories, Inc., Santa
Rosa, California USA and described, for example, in U.
S. patent 5,200,855. Of course, suitable filters having
other formulations as typical also may be used.
[0032] As described above in connection with Figures
6 and 10, sensor 60 preferably may be a single mono-
lithic structure having an LED region and a detector re-
gion. In a preferred embodiment, sensor 60 also may
have a filter region.
[0033] In accordance with yet another embodiment of
the invention, a conventional photodetector (such as
photodetector 23 described above) may be positioned
at one end of the substrate 64 with a photosensitive area
25 below the hole 69, as illustrated in Figure 11. The
photodetector 23 may be connected to the substrate 64
by a suitable optically transmissive adhesive. The elec-
trical signal generated by photodetector 23 is transmit-
ted via electrical leads 31 and 33 to appropriate ampli-
fication and measuring circuitry (not shown), as de-
scribed above. In accordance with this embodiment,
sensor 60 also may be provided with an optical cut-off
filter as described above. As illustrated Fig. 11, optical
cut-off filter 75 may be interposed in hole 69 between
the florescent matrix 32 and the substrate 64. In an al-
ternative embodiment, an optical cut-off filter may be in-
terposed between the substrate 64 and photodetector
23, as described above in connection with Figures 2-4.
[0034] Although shown in Figure 11 as extending from
upper and lowers regions of photodetector 23, both
electrical leads 31 and 33 may extend from the bottom
of photodetector 23. A suitable bottom attach photode-
tector or "flip chip" as described herein may be obtained
by, for example, Advanced Photonics, Camarillo, Cali-
fornia. The bottom attach photodetector may also be
used with the sensor described above in connection with
Figures 2-5.
[0035] The sensors for the present invention are char-
acterized by an extraordinarily small size. For example,
the overall dimensions of the sensor are on the order of
200-300 µm on an edge. These sensors also may have
overall dimensions as large as about 500 µm and as
small as 50 µm on edge. Thus, the sensors may be uti-
lized in micro applications. For example, the sensors are
small enough to be implanted under the skin or in a
blood vessel. While the sensors have been illustrated in
connection with the detection of oxygen concentrations,
indicator molecules may be selected that are sensitive
to analytes such as glucose, certain hormones, en-
zymes and the like.
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[0036] The small volume of fluorescent matrix mate-
rial and the small photosensitive area of photodetectors
72 and 23 produce devices having a very low dark cur-
rent. Thus, the signal-to-noise ratio in the devices of this
invention are quite good.
[0037] In view of the extraordinarily small size of the
sensors in accordance with the present invention, mul-
tiple sensors may be used for simultaneously determin-
ing the presence or concentration of a plurality of ana-
lytes in a surrounding gaseous or liquid medium. In one
embodiment, as illustrated in Figure 12, a sensor 80
comprises an LED region which may be include a plu-
rality of LEDs 62 and a detector region which may in-
clude a plurality of photodetectors 53. LEDs 62 may be
formed on substrate 50 by any suitable conventional
technique such as, for example, fabrication or deposi-
tion. Substrate 50 preferably may be made of a non-con-
ductive, SiC material; however, other suitable substrate
materials may be used as known by persons skilled in
the art. Each of the LEDs 62 illustrated in Figure 12 may
have essentially the same structure as described above
in connection with Figures 6, 7 or 10. Preferably, each
LED contains a fluorescent matrix 32 which includes a
fluorescent indicator molecule 36 whose fluorescence
is attenuated or enhanced by a different analyte.
[0038] In accordance with this embodiment, photode-
tectors 53 may be formed on one side of the substrate
50, as illustrated in Figure 12. Photodetectors 53 pref-
erably include a separate photosensitive area for each
LED positioned on substrate 50. Each photosensitive
area is positioned such that it receives the fluorescent
light emitted from fluorescent indicator molecules 36 in
holes 69. In one embodiment, the photodetectors may
be formed by masking and infusion doping substrate 50
creating separate P-type and N-type semiconductor re-
gions, as described above in connection with Figures 8
and 9. The electrical signals generated by photodetec-
tors 53 are transmitted via electrical leads 70 and 71 to
appropriate amplification and measuring circuitry (not
shown).
[0039] As described above in connection with Figure
12, sensor 80 preferably may be a single monolithic
structure having an LED region and a detector region.
In a preferred embodiment, sensor 80 also may have a
filter region.

Claims

1. A fluorescence sensing device for determining the
presence or concentration of an analyte-in a liquid
or gaseous medium including a light-emitting diode
("LED") (22, 62) having a semiconductor junction,
an analyte-permeable fluorescent matrix (32) con-
taining fluorescent indicator molecules (36) whose
fluorescence is attenuated or enhanced by the
presence of analyte in said fluorescent matrix, and
a photodetector (23, 72) characterised in that:

(a) said LED has a hole (29, 69) oriented gen-
erally perpendicular to the semiconductor junc-
tion configured such that, upon application of
an electrical potential across the junction, light
is emitted from said junction into said hole;
(b) the analyte-permeable fluorescent matrix is
contained within said hole, said LED and fluo-
rescent indicator molecule being selected such
that the wavelength emitted by the LED excites
fluorescence in the indicator molecules; and
(c) the photodetector is disposed at one end of
said hole which generates an electrical signal
responsive to fluorescent light emitted by said
fluorescent indicator molecules.

2. The fluorescence sensing device of claim 1 wherein
the fluorescent matrix (32) comprises fluorescent
indicator molecules (36) dispersed in a polymer
which transmits light at the wavelengths of excita-
tion and emission of the fluorescent indicator mol-
ecules.

3. The fluorescence sensing device of claim 1 or 2,
wherein the longest edge of the LED (22, 62) is less
than 500 µm.

4. The fluorescence sensing device of claim 3, where-
in the longest edge of the LED (22, 62) is less than
300 µm.

5. The fluorescence sensing device of claim 3 or 4,
wherein the hole (29, 69) in the LED (22, 62) has a
diameter of from 10 to 500 µm.

6. The fluorescence sensing device of any of claims 1
to 5, which further comprises a reflective coating
(39) on the outer walls of the LED.

7. The fluorescence sensing device of any of claims 1
to 6, which further comprises an optical cut-off filter
(41, 75) interposed between the fluorescence ma-
trix and the photodetector, said optical filter being
capable of transmitting light at the wavelength emit-
ted by the fluorescent indicator molecules and ab-
sorbing or blocking light at the wavelength emitted
by the LED.

8. The fluorescence sensing device of claim 7, where-
in said optical cut-off filter (41, 75) is coated on said
photodetector.

9. The fluorescence sensing device of claim 7, where-
in said optical cut-off filter (41, 75) is placed in said
hole (29, 69) between said fluorescent matrix and
said photodetector (23, 72).

10. The fluorescence sensing device of any of claims 1
to 9, wherein the indicator molecule (36) is the com-
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plex tris(4,7-diphenyl-1,10-phenanthroline) ruthe-
nium (II) perchlorate, and the fluorescence sensing
device is an oxygen sensing device.

11. The fluorescence sensing device of any of claims 1
to 10, wherein said LED (22, 62) has a thickness of
10 to 20µm.

12. The fluorescence sensing device of any of claims 1
to 11, wherein said sensor comprises a plurality of
LEDs (22, 62) each having a hole containing said
analyte-permeable fluorescent matrix.

13. The fluorescence sensing device of claim 12,
wherein said analyte-permeable fluorescent matrix
(32) contained in each of said LEDs (22, 62) con-
tains fluorescent indicator molecules (36) whose
fluorescence is attenuated or enhanced by the
presence of a different analyte.

14. The fluorescence sensing device of any of claims 1
to 13, wherein said fluorescence sensing device is
a single monolithic structure (60).

15. The fluorescence sensing device of claim 14,
wherein said single monolithic structure comprises
an LED region (62) and a detector region (72).

16. The fluorescence sensing device of claim 15,
wherein said single monolithic structure further
comprises a filter region (75).

17. The fluorescence sensing device of claim 15 or 16,
wherein said LED region has a thickness of 10 to
20 µm.

18. A method for determining the presence or concen-
tration of an analyte in a liquid or gaseous medium
using a light-emitting diode ("LED") (22, 62) having
a semiconductor junction (28, 68) on a substrate,
characterised in that:

(a) a hole (29, 69) is formed in said LED orient-
ed generally perpendicular to the semiconduc-
tor junction configured such that, upon applica-
tion of an electrical potential across the junc-
tion, light is emitted from said junction into said
hole;
(b) an analyte-permeable fluorescent matrix
(32) is placed within said hole, said fluorescent
matrix containing fluorescent indicator mole-
cules (36) whose fluorescence is attenuated or
enhanced by the presence of analyte in said flu-
orescent matrix, and said LED and fluorescent
indicator molecule being selected such that the
wavelength emitted by the LED excites fluores-
cence in the indicator molecules; and
(c) a photodetector (23, 72) is formed at one

end of said substrate which generates an elec-
trical signal responsive to fluorescent light emit-
ted by said fluorescent indicator molecules.

19. The method of determining the presence or concen-
tration of an analyte in a liquid or gaseous medium
of claim 18, further comprising fabricating said flu-
orescence sensing device as a single monolithic
structure (60).

20. The method of determining the presence or concen-
tration of an analyte in a liquid or gaseous medium
of claim 18 or 19, wherein the step of forming the
hole (29, 69) in said LED (22, 62) further comprises
etching a hole in said LED.

21. The method of determining the presence or concen-
tration of an analyte in a liquid or gaseous medium
of any of claims 18 to 20, wherein the step of forming
an LED (22, 62) on the substrate further comprises
forming an LED on a substrate (50, 64) made of SiC.

Patentansprüche

1. Fluoreszenznachweisvorrichtung zur Bestimmung
des Vorhandenseins oder der Konzentration eines
Analyts in einem flüssigen oder gasförmigen Medi-
um mit einer Licht aussendenden Diode ("LED")
(22, 62), welche eine Halbleiterzone, eine Analyt
durchlässige fluoreszierende Matrix (32), die fluo-
reszierende Anzeigemoleküle (36) enthält, deren
Fluoreszenz durch die Gegenwart des Analyts in
der fluoreszierenden Matrix abgeschwächt oder
verbessert wird, und einen Photodetektor (23, 72)
aufweist, dadurch gekennzeichnet, dass:

(a) die LED ein Loch (29, 69) aufweist, das all-
gemein senkrecht zu der Halbleiterzone ausge-
richtet ist, die derart konfiguriert ist, dass bei
Anlegen einer elektrischen Spannung an die
Zone Licht von der Halbleiterzone in das Loch
ausgesandt wird;
(b) die Analyt durchlässige fluoreszierende Ma-
trix in dem Loch gelagert ist, wobei die LED und
die fluoreszierenden Anzeigemoleküle derart
ausgewählt sind, dass die von der LED ausge-
sandte Wellenlänge die Fluoreszenz in den An-
zeigemolekülen erregt; und
(c) der Photodetektor an einem Ende des Lo-
ches angeordnet ist, welches ein elektrisches
Signal in Reaktion auf das von den fluoreszie-
renden Anzeigemolekülen ausgesandte, fluo-
reszierende Licht erzeugt.

2. Fluoreszenznachweisvorrichtung gemäß Anspruch
1, wobei die fluoreszierende Matrix (32) fluoreszie-
rende Anzeigemoleküle (36) umfasst, die in einem
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Polymer dispergiert sind, welches Licht mit Wellen-
längen zur Erregung und Emission der fluoreszie-
renden Anzeigemoleküle überträgt.

3. Fluoreszenznachweisvorrichtung gemäß Anspruch
1 oder 2, wobei die längste Kante der LED (22, 62)
weniger als 500 µm beträgt.

4. Fluoreszenznachweisvorrichtung gemäß Anspruch
3, wobei die längste Kante der LED (22, 62) weniger
als 300 µm beträgt.

5. Fluoreszenznachweisvorrichtung gemäß Anspruch
3 oder 4, wobei das Loch (29, 69) in der LED (22,
62) einen Durchmesser zwischen 10 und 500 µm
aufweist.

6. Fluoreszenznachweisvorrichtung gemäß irgendei-
nem der Ansprüche 1 bis 5, welche ferner eine re-
flektierende Beschichtung (39) auf den Außenwän-
den der LED aufweist.

7. Fluoreszenznachweisvorrichtung gemäß irgendei-
nem der Ansprüche 1 bis 6, welche ferner einen op-
tischen Sperrfilter (41, 75) umfasst, der zwischen
der fluoreszierenden Matrix und dem Photodetektor
angeordnet ist, wobei der optische Filter in der Lage
ist, Licht mit der von den fluoreszierenden Anzeige-
molekülen ausgesandten Wellenlänge zu übertra-
gen und Licht mit der von der LED ausgesandten
Wellenlänge zu absorbieren oder zu blockieren.

8. Fluoreszenznachweisvorrichtung gemäß Anspruch
7, wobei der optische Sperrfilter (41, 75) als Be-
schichtung auf dem Photodetektor angeordnet ist.

9. Fluoreszenznachweisvorrichtung gemäß Anspruch
7, wobei der optische Sperrfilter (41, 75) in dem
Loch (29, 69) zwischen der fluoreszierenden Matrix
und dem Photodetektor (23, 72) angeordnet ist.

10. Fluoreszenznachweisvorrichtung gemäß irgendei-
nem der Ansprüche 1 bis 9, wobei das Anzeigemo-
lekül (36) aus dem komplexen Tris(4,7-Diphenyl-
1,10-Phenanthrolin)-Ruthenium-(II)-Perchlorat be-
steht, und wobei die Fluoreszenznachweisvorrich-
tung eine Sauerstoffnachweisvorrichtung ist.

11. Fluoreszenznachweisvorrichtung gemäß irgendei-
nem der Ansprüche 1 bis 10, wobei die LED (22,
62) eine Dicke von 10 bis 20 µm aufweist.

12. Fluoreszenznachweisvorrichtung gemäß irgendei-
nem der Ansprüche 1 bis 11, wobei der Sensor eine
Vielzahl von LEDs (22, 62) aufweist, die jeweils ein
Loch aufweisen, in welchem die Analyt durchlässi-
ge fluoreszierende Matrix gelagert ist.

13. Fluoreszenznachweisvorrichtung gemäß Anspruch
12, wobei die in jeder der LEDs (22, 62) enthaltene
Analyt durchlässige fluoreszierende Matrix (32)
fluoreszierende Anzeigemoleküle (36) enthält, de-
ren Fluoreszenz durch das Vorhandensein eines
unterschiedlichen Analyts abgeschwächt oder ver-
stärkt wird.

14. Fluoreszenznachweisvorrichtung gemäß irgendei-
nem der Ansprüche 1 bis 13, wobei die Fluores-
zenznachweisvorrichtung aus einer einzigen mono-
lithischen Struktur (60) besteht.

15. Fluoreszenznachweisvorrichtung gemäß Anspruch
14, wobei die einzige monolithische Struktur einen
LED-Bereich (62) und einen Detektorbereich (72)
aufweist.

16. Fluoreszenznachweisvorrichtung gemäß Anspruch
15, wobei die einzige monolithische Struktur ferner
einen Filterbereich (75) aufweist.

17. Fluoreszenznachweisvorrichtung gemäß Anspruch
15 oder 16, wobei der LED-Bereich eine Dicke von
10 bis 20 µm aufweist.

18. Verfahren zur Bestimmung des Vorhandenseins
oder der Konzentration eines Analyts in einem flüs-
sigen oder gasförmigen Medium unter Verwendung
einer Licht aussendenden Diode ("LED") (22, 62)
mit einer Halbleiterzone (28, 68) auf einem Sub-
strat, dadurch gekennzeichnet, dass:

(a) ein Loch (29, 69) in der LED ausgebildet ist,
das allgemein senkrecht zu der Halbleiterzone
ausgerichtet ist, die derart konfiguriert ist, dass
bei Anlegen einer elektrischen Spannung an
die Zone Licht von der Halbleiterzone in das
Loch ausgesandt wird;
(b) eine Analyt durchlässige fluoreszierende
Matrix (32) in dem Loch gelagert ist, wobei die
fluoreszierende Matrix fluoreszierende Anzei-
gemoleküle (36) enthält, deren Fluoreszenz
durch das Vorhandensein von Analyt in der
fluoreszierenden Matrix abgeschwächt oder
verstärkt wird, und wobei die LED und die fluo-
reszierenden Anzeigemoleküle derart ausge-
wählt sind, dass die von der LED ausgesandte
Wellenlänge die Fluoreszenz in den Anzeige-
molekülen erregt; und
(c) ein Photodetektor (23, 72) an einem Ende
des Substrats ausgebildet ist, welches ein elek-
trisches Signal in Reaktion auf das von den
fluoreszierenden Anzeigemolekülen ausge-
sandte, fluoreszierende Licht erzeugt.

19. Verfahren zur Bestimmung des Vorhandenseins
oder der Konzentration eines Analyts in einem flüs-
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sigen oder gasförmigen Medium gemäß Anspruch
18, welches ferner die Herstellung der Fluoreszenz-
nachweisvorrichtung als eine einzige monolithische
Struktur (60) umfasst.

20. Verfahren zur Bestimmung des Vorhandenseins
oder der Konzentration eines Analyts in einem flüs-
sigen oder gasförmigen Medium gemäß Anspruch
18 oder 19, wobei der Schritt der Ausbildung des
Loches (29, 69) in der LED (22, 62) femer das Ätzen
eines Loches in die LED umfasst.

21. Verfahren zur Bestimmung des Vorhandenseins
oder der Konzentration eines Analyts in einem flüs-
sigen oder gasförmigen Medium gemäß irgendei-
nem der Ansprüche 18 bis 20, wobei der Schritt der
Ausbildung einer LED (22, 62) auf dem Substrat fer-
ner die Ausbildung einer LED auf einem Substrat
(50, 64) aus SiC umfasst.

Revendications

1. Dispositif capteur à fluorescence pour déterminer
la présence ou la concentration d'une substance à
analyser dans un liquide ou un milieu gazeux com-
prenant une diode électroluminescente ("LED") (22,
62) possédant une jonction semi-conductrice, une
matrice fluorescente perméable aux substances à
analyser (32) contenant des molécules indicatrices
de fluorescence (36) dont la fluorescence est atté-
nuée ou augmentée par la présence de la substan-
ce à analyser dans ladite matrice fluorescente, et
un photodétecteur (23, 72) caractérisé en ce que :

(a) ladite LED possède un trou (29, 69) orienté
généralement perpendiculairement à la jonc-
tion semi-conductrice configuré de telle sorte
que, lors de l'application d'une tension électri-
que sur la jonction, une lumière est émise de-
puis ladite jonction dans ledit trou ;
(b) la matrice fluorescente perméable à la subs-
tance à analyser est contenue dans ledit trou,
ladite LED et ladite molécule indicatrice de fluo-
rescence étant sélectionnées de telle sorte que
la longueur d'onde émise par la LED excite la
fluorescence dans les molécules indicatrices ;
et
(c) le photo détecteur est agencé à une extré-
mité dudit trou qui génère un signal électrique
réagissant à la lumière fluorescente émise par
lesdites molécules indicatrices de fluorescen-
ce.

2. Dispositif capteur à fluorescence de la revendica-
tion 1 dans lequel la matrice fluorescente (32) com-
prend des molécules indicatrices de fluorescence
(36) dispersées dans un polymère qui transmet la

lumière selon les longueurs d'onde d'excitation et
d'émission des molécules indicatrices de fluores-
cence.

3. Dispositif capteur à fluorescence selon la revendi-
cation 1 ou 2, dans lequel le bord le plus long de la
LED (22, 62) est inférieur à 500 µm.

4. Dispositif capteur à fluorescence selon la revendi-
cation 3, dans lequel le bord le plus long de la LED
(22, 62) est inférieur à 300 µm.

5. Dispositif capteur à fluorescence selon la revendi-
cation 3 ou 4, dans lequel le trou (29, 69) dans la
LED (22, 62) possède un diamètre de 10 à 500 µm.

6. Dispositif capteur à fluorescence selon l'une quel-
conque des revendications 1 à 5, qui comprend en
outre une surface réfléchissante (39) sur les parois
extérieures de la LED.

7. Dispositif capteur à fluorescence selon l'une quel-
conque des revendications 1 à 6, qui comprend en
outre un filtre optique d'obturation (41, 75) interposé
entre la matrice fluorescente et le photodétecteur,
ledit filtre optique étant capable de transmettre la
lumière selon la longueur d'onde émise par les mo-
lécules indicatrices de fluorescence et d'absorber
ou de bloquer la lumière selon la longueur d'onde
émise par la LED.

8. Dispositif capteur à fluorescence selon la revendi-
cation 7, dans lequel ledit filtre optique d'obturation
(41, 75) est appliqué sur ledit photodétecteur.

9. Dispositif capteur à fluorescence selon la revendi-
cation 7, dans lequel ledit filtre optique d'obturation
(41, 75) est placé dans ledit trou (29, 69) entre ladite
matrice fluorescente et ledit photodétecteur (23,
72).

10. Dispositif capteur à fluorescence selon l'une quel-
conque des revendications 1 à 9, dans lequel la mo-
lécule indicatrice (36) est le tri(4,7-diphényle-1,
10-phénanthroline) perchlorate de ruthénium (II)
complexe, et le dispositif de capteur de fluorescen-
ce est un capteur d'oxygène.

11. Dispositif capteur à fluorescence selon l'une quel-
conque des revendications 1 à 10, dans lequel la-
dite LED (22, 62) possède une épaisseur de 10 à
20 µm.

12. Dispositif capteur à fluorescence selon l'une quel-
conque des revendications 1 à 11, dans lequel ledit
capteur comprend une pluralité de LED (22, 62)
chacune possédant un trou contenant ladite matri-
ce fluorescente perméable à la substance à analy-
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ser.

13. Dispositif capteur à fluorescence selon la revendi-
cation 12, dans lequel ladite matrice fluorescente
perméable à la substance à analyser (32) contenue
dans chacune desdites LED (22, 62) contient des
molécules indicatrices de fluorescence (36) dont la
fluorescence est atténuée ou augmentée par la pré-
sence d'une substance à analyser différente.

14. Dispositif capteur à fluorescence selon l'une quel-
conque des revendications 1 à 13, dans lequel ledit
dispositif capteur à fluorescence est une structure
monolithique simple (60).

15. Dispositif capteur à fluorescence selon la revendi-
cation 14, dans lequel ladite structure monolithique
simple comprend une région de LED (62) et une ré-
gion de détecteur (72).

16. Dispositif capteur à fluorescence selon la revendi-
cation 15, dans lequel ladite structure monolithique
simple comprend en outre une région de filtre (75).

17. Dispositif capteur à fluorescence selon la revendi-
cation 15 ou 16, dans lequel ladite région de LED
possède une épaisseur de 10 à 20 µm.

18. Procédé pour déterminer la présence ou la concen-
tration d'une substance à analyser dans un liquide
ou un milieu gazeux à l'aide d'une diode électrolu-
minescente ("LED") (22, 62) possédant une jonc-
tion (28, 68) sur un substrat, caractérisé en ce
que :

(a) un trou (29, 69) est formé dans ladite LED
orienté généralement perpendiculairement à la
jonction configuré de telle sorte que, lors de
l'application d'une tension électrique sur la
jonction, une lumière est émise depuis ladite
jonction dans ledit trou ;
(b) une matrice fluorescente perméable à la
substance à analyser (32) est placée dans ledit
trou, ladite matrice fluorescente contenant des
molécules indicatrices de fluorescence (36)
dont la fluorescence est atténuée ou augmen-
tée par la présence de la substance à analyser
dans ladite matrice fluorescente, et ladite LED
et ladite molécule indicatrice. de fluorescence
étant sélectionnées de telle sorte que la lon-
gueur d'onde émise par la LED excite la fluo-
rescence dans les molécules indicatrices ; et
(c) un photodétecteur (23, 72) est formé à une
extrémité dudit substrat qui génère un signal
électrique réagissant à la lumière fluorescente
émise par lesdites molécules indicatrices de
fluorescence.

19. Procédé de détermination de la présence ou de la
concentration d'une substance à analyser dans un
liquide ou un milieu gazeux selon la revendication
18, comprenant en outre la fabrication dudit dispo-
sitif capteur à fluorescence comme une structure
monolithique unique (60).

20. Procédé de détermination de la présence ou de la
concentration d'une substance à analyser dans un
liquide ou un milieu gazeux selon la revendication
18 ou 19, dans lequel l'étape consistant à former le
trou (29, 69) dans ladite LED (22, 62) comprend en
outre la gravure d'un trou dans ladite LED.

21. Procédé de détermination de la présence ou de la
concentration d'une substance à analyser dans un
liquide ou un milieu gazeux selon l'une quelconque
des revendications 18 à 20, dans lequel l'étape con-
sistant à former une LED (22, 62) sur le substrat
comprend en outre la formation d'une LED sur un
substrat (50, 64) en carbure de silicium.
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